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ABSTRACT

The present study was carried out at two locations, i.e., Sakha and Mallawy
Agricultural Research Stations, within two successive summer seasons (2022 and 2023),
to evaluate four soybean genotypes (Giza22, HilLs HslLs and Gizalll) under three
different sowing dates (first of May, Mid of May, first of June). GGE model pattern
analysis was used to determine the best genotypes for seed yield and its components. To
identify the best genetic architecture and the most important features in the yield trait,
Genotype by Yield*Trait (GY*T) analysis was also conducted using the GGE model. The
results revealed notable variations among the criteria under investigation. The optimal
date for yield and its components was determined to be the first planting date. The
genotypes (Giza 22, Hils) recorded the highest values for physiological traits and yield
respectively.
Key words: Glycine max, Sowing date, GGE-biplot, GYT-biplot, LAl, RGR and NAR.

INTRODUCTION

Soybean (Glycine max L.) is the world’s most widely cultivated and
economically successful legume. The plant is classed more as an oil seed
crop than a pulse; it contain 20% Oil and 40% protein. Soybeans considered
an affordable source protein for human and animals (Rahman and Haque
1978). In recent years, soybeans have become a strategic crop in Egypt, an
interest in its cultivation has increased. The cultivated area has increased
from 3.261feddan with a productivity of 0.311 ton/feddan in 1970 to
150.000 feddan with productivity of 1.25 ton/feddan in 2022 (Economic
Affairs Sector 2022). Mortzinis et al (2019) stated that climate change had
an important impact on crop production. Therefore, identifying the factors
that affect crop yield has a great importance. Planting dates are considered
as determinant of crop growth and productivity whears, it affects the
construction of vegetative and fruiting parts (Setiyono et al 2007 and Nico
et al 2019) and final biomass (Divito et al 2016).

Understanding the importance of sowing dates in soybean
cultivation is crucial for optimizing yield. The timing of planting affects
growth, development, and eventual yield of the soybean crop. Different
sowing dates can have varying effects on soybean production, influencing
yield, growth, and seed quality (Ibrahim, 2009, Jarecki and Bobrecka-Jamro
2021). Sowing soybeans at of April and May can result in the highest seed
yields (Fordonski et al 2023). Delayed sowing can lead to seed vyield
reduction (Mohod et al 2023). However, Serafin-Andrzejewska et al (2024)



found that the sowing date of soybean did not significantly impact soybean
seed yield.

Early sowing can promote greater plant height, more branches, and
root nodules. Meanwhile, delayed sowing can result in inferior growth and
yield. Also, delayed sowing can decrease plant height, number of pods per
plant, and seed yield per plant (Mohod et al 2023). Later sowing dates may
result in higher protein concentrations in soybean seeds (Fordonski et al
2023). Very late sowing can produce decrease seeds weight (Fabiano et al
2024). Seed vyield from early sowing is significantly correlated with total
precipitation in June and July, while later sowing dates correlate with total
precipitation in August (Borowska and Prusinski 2021). Temperature is the
most significant climatic factor affecting soybean yield (Fordonski et al
2023). The effect of sowing date can also depend on the soybean cultivar,
with mid-early cultivars potentially yielding the highest seed and protein
yield as well as protein content (Borowska and Prusinski 2021). This study
explores different sowing dates and their impacts on soybean production
and determining the best sowing date and genotype.

MATERIALS AND METHODS

Field experiment were conducted during two seasons 2022 (S 1) and
2023 (S 2) at two locations, Sakha “L 1” (31.08808° N, 30.94588° E) and
Mallawy “L 2” (27.7359° N, 30.8448° E) Agricultural Research Stations,
ARC, Egypt. Three sowing dates were scheduled each season at about 15-
day intervals (first of May “D 17, Mid of May “D 2”, first of June “D 3”) in
both seasons. Four genotypes of soybean were used (Giza22, Hails, Hils
and Gizalll). The Origin, pedigree and some features of studied genotypes
are presented in Table (1).

The experimental design was a split-plot design in RCBD
arrangement with three replications. Sowing dates were allocated to the
main plots, while genotypes were distributed in the sub-plots. Each plot
consisted of five ridges (3.5 m length x 60 cm apart). Two seeds were sown
on one side of the ridge at a distance of 20 cm; the plot area was 10.5 m?2.
Soybean seeds were inoculated with the bacterial culture Nitragina
containing strains of Bradyrhizobium japonicum. All agriculture practices
were carried out following the standard recommendations.
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Table 1. Origin, pedigree and some features of studied genotypes.

Parent Origin Pedigree Characters

. High yielding, moderate tolerant to cotton
Giza 22 Forest x

(G1) FCRI-ARC Crawford leave warm, purple flower, Cream colored

seed and black hilum

High yielding, tolerant to cotton leave warm,

) H20L3 X Gasoy | purple flower, Cream colored seed, black
Hils G2) | FCRI-ARC 17 hilum, tolerant to water deficit and
moderate maturing

DR 101 x High yielding, tolerant to cotton leave warm,

HiL4 (G3) | FCRI-ARC purple flower, Cream colored seed, light

Lamar brown hilum, and moderate maturing
. High yielding, tolerant to cotton leave warm,
G'(ZG"’&)M FCRI-ARC Cr%vggsrg X purple flower, Cream colored seed and light

black hilum
*FCRI= Field Crops Research Institute, ARC, Egypt.

At vegetative stage, six guarded plants were taken randomly from
the two inner ridges of each plot at 50, 65 and 80 days after sowing to
record the growth characters. Crop growth rate (CGR), relative growth rate
(RGR) and net assimilation rate (NAR) was estimated according to Radford
(1967). Leaf area index (LAI) was measured according to Watson (1952).
Five guarded plants were taken from each plot to determine the means of
days to flowering (FD) and to days to maturity (MD), plant height (PH),
number of branches/plant (branches), number of pods/plant (pods), seed
weight/plant (SW/P) ,100-seed weight (100-SW/P). The three middle ridges
of each plot were harvested to determine seed yield/ fed., (SY/F). The

average of temperature during 2022 and 2023 growing seasons at Sakha and
Mallawy is shown in Figure (1).
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Fig. 1. The average of temperature during 2022 and 2023 growing
seasons.

Statistical analysis

Data were subjected to the statistical analysis by GenStat 21" Ed
statistical software (GENSTAT 2009). Analysis of variance was performed
according to Gomez and Gomez (1984). The homogeneity of variances
across studied traits was performed using Bartlett's test (1937).

Combined analysis of locations and seasons was performed.
Genotype x yield*trait bi-plot (GYT bi-plot) was performed according to
the procedure of Yan and Fregeau (2018). All statistical analyses were
performed
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RESULTS AND DISCUSSIONS
The main effects of location, sowing date and genotype

The main effects of Location, sowing date and genotype are
presented in Table (2). The effect of location on yield traits of soybean was
significant and multifaceted, primarily due to environmental factors such as
latitude, photoperiod and temperature, which influence the expression of
yield-related traits. Sakha location (L1) was superior in all studied traits
where it recorded the highest values for all studied traits except for FD and
MD, pods, 100-SW, LAI 2 and RGR 2 and with an average of 32.2, 114.2,
49.0, 16.4, 2.740, 0.029 respectively. There were significant differences
among locations in all traits except for CGR 2. Li et al (2020) reported that
number of pods and 100-seed weight varied with location which correlate
positively with yield. These traits tend to be influenced both directly and
indirectly by environmental conditions at different sites. For instance, pods,
seeds, and 100-seed weight had direct positive effects on yield, while traits
like plant height and growth period indirectly affect yield. Yoon et al (2021)
reported that warmer temperatures limits soybean vegetative development
(leaf area index) by achieving the maximum heat unit sooner, which
decreased soybean production. Also the higher temperature causes the
lighter plants which reflect on CGR and RGR (Oh-E et al 2007).

The soybean vyield attributes significantly differed among three
sowing dates as shown in Table (2). The highest values of all studied traits
were exhibited in D 1 except for LAl 1, RGR 1, RGR 2, and NAR 2 with an
average of 1.985, 0.024, 0.031 and 0.099 respectively According to Serafin-
Andrzejewska et al (2021) the delay in sowing reduces the vegetative and
reproductive periods, which negatively impacts total production where
earlier sowing tends to produce better outcomes. In case of the genotypes
there were significant differences between genotypes for all yield traits as
presented in Table (2) as an average of the combined analysis. G 1 followed
by G 2 achieved the superiority in all studied traits with exception of CGR 1,
RGR 1, RGR 2, NAR 1 and NAR 2. While, G 1 and G 3 were the earliest
genotypes with an average of 32.8 and 33.4 for FD and 114.4 and 113.3 for
MD respectively. These findings are in agreement with results obtained by
Mohamed and Faiza (2005) and Soliman et al (2007).
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Table 2. The effect of location, sowing date and genotype (combined
analysis across two seasons).

Traits FD MD PH Branch | Pods | SW/P |100-SW/| SY/fed | LAl 1

Locations
L1 33.6 115.1 112.2 3.6 47.3 15.7 15.1 1.600 | 2.084
L2 32.8 114.2 105.2 25 49.0 15.2 16.4 1.300 | 1.809

LSDoos | 0.34 0.48 0.34 0.07 1.22 0.36 0.17 0.32 0.074

Sowing dates
D1 34.9 116.1 110.1 3.20 49.7 19.0 17.2 1.690 | 1.949
D2 33.1 114.2 109.7 3.04 45.9 16.5 15.8 1.480 | 1.985
D3 31.7 112.3 90.8 2.90 314 10.8 14.6 1.230 | 1.871

LSDoos | 0.46 0.39 0.46 0.18 1.20 0.55 0.22 0.34 0.102

Genotypes
Gl 32.8 114.4 110.0 3.6 54.9 17.3 17.1 1.400 | 2.155
G2 335 116.4 110.5 3.0 49.9 16.1 15.9 1.800 | 2.087
G3 334 113.3 87.5 2.7 40.8 13.0 14.6 1.500 | 1.795
G4 33.3 114.6 105.9 29 47.0 15.3 15.2 1.200 | 1.704

LSD oos | 0.50 0.52 0.50 0.19 1.29 0.47 0.26 0.40 0.090

Traits | LAI2 LAI3 |CGR1|CGR2|RGR1|RGR2|NAR1 NAR 2
Locations
L1 2.502 3.793 0.643 | 0.648 | 0.034 | 0.015 | 0.202 0.150
L2 2.740 3.506 0.135 | 0.640 | 0.013 | 0.029 | 0.010 0.034
LSD 0.05| 0.179 0.178 0.028 | 0.031 | 0.028 Ns 0.005 0.006
Sowing dates
D1 2.980 4.255 0.450 | 0.737 | 0.023 | 0.026 | 0.115 0.093
D2 2.834 3.546 0.364 | 0.619 | 0.024 | 0.026 | 0.091 0.085
D3 2.050 3.147 0.353 | 0.576 | 0.023 | 0.031 | 0.112 0.099
LSD 0.05| 0.100 0.106 0.022 | 0.042 | 0.022 | 0.042 | 0.007 0.008
Genotypes
G1 2.992 4.108 0.271 | 0452 | 0.016 | 0.021 | 0.111 0.059
G2 2.774 3.966 0.436 | 0.789 | 0.023 | 0.022 | 0.113 0.111
G3 2.337 3.252 0.442 | 0.686 | 0.023 | 0.023 | 0.100 0.089
G4 2.383 3.271 0.324 | 0575 | 0.024 | 0.021 | 0.101 0.088
LSD 0.05| 0.093 0.115 0.025 | 0.052 | 0.025 | 0.052 | 0.007 0.009

FD = Days to flowering, MD = Days to maturity. PH = Plant height, SW/P =
Sees weight/ plant, 100-SW/p = 100- Seed weight/plant, SY/fed = Seed vyield
feddan, LAI= Leaf area index CGR= Crop Growth Rate, R.G.R = Relative
growth rate, NAR= Net assimilation rate
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The interaction between location and sowing date
The interactions between locations and sowing dates obtained on the
studied traits are presented in Table (3).

Table 3. The effect of location x sowing date interaction (combined
analysis across two seasons).

. PH SW/P |100-SW SY/fed

Locations | Dates FD MD (cm) Branch | Pods © © (ton)

D1 353 | 118.2 | 138.9 3.7 63.8 19.7 16.1 1.800

L1 D2 33.3 115.0 | 100.5 3.6 56.5 16.4 154 1.600

D3 32.1 | 1120 | 97.0 3.4 416 11.0 13.8 1.500

L.S.D o0 0.73 0.69 | 3.53 0.35 1.96 1.03 0.609 0.090

D1 344 | 116.1 | 1121 2.8 49.7 18.3 18.4 1.600

L2 D2 33.0 | 114.2 | 119.0 2.4 45.9 16.5 16.2 1.400

D3 312 | 1123 | 84.6 2.2 314 10.6 14.4 1.000

L.S.D o0 0.93 0.44 | 4.97 0.22 2.32 0.83 0.66 0.10
LAI LAI LAI CGR | CGR | RGR RGR NAR NAR
Dates Gen. 1 5 3 1 2 1 2 1 2

D1 2.094 | 2.711 | 4.351 | 0.728 | 0.754 | 0.033 0.015 | 0.219 | 0.153
L1 D2 2.134 | 2.617 | 3.370 | 0.566 | 0.561 | 0.034 0.015 |0.171 | 0.137
D3 2.025 | 2.178 | 3.657 | 0.634 | 0.628 | 0.036 0.016 | 0.218 | 0.159
L.S.D 005 0.181 | 0.166 | 0.378 | 0.064 | 0.103 | 0.002 0.002 | 0.014 | 0.020
D1 1.903 | 3.247 | 4.160 | 0.171 | 0.720 | 0.013 0.027 | 0.011 | 0.032
L2 D2 1.904 | 3.052 | 3.721 | 0.162 | 0.676 | 0.015 0.029 | 0.011 | 0.033
D3 1.620 | 1.922 | 2.636 | 0.072 | 0.524 | 0.010 0.032 | 0.007 | 0.039
L.S.D 005 0.177 | 0.168 | 0.144 | 0.0241 |0.0785| 0.0020 | 0.0038 |0.0028| 0.0042

FD = Days to flowering, MD = Days to maturity. PH = Plant height, SW/P =
Sees weight/ plant, 100-SW/p = 100- Seed weight/plant, SY/fed = Seed vyield
feddan, LAI= Leaf area index CGR= Crop Growth Rate, R.G.R = Relative
growth rate, NAR= Net assimilation rate

D 1 in both locations achieved the highest values of all studied traits
except LAl 1, RGR land NAR 1inD 2in L 2,100-SWin D 1in L2. In the
case of FD and MD the situation was different, where the lowest value (the
earliest) the preferable values: D 3 was the earliest in both locations with
average of 31.2 days in D 3 L 2 for FD date and 112.0 days in D 3 L 1 for
MD. This result is due to the delay in sowing which exposes soybeans to
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shorter photoperiod and higher temperatures earlier, leading to faster
progression to flowering and maturity (Safina et al 2025).

The interaction between location and genotype

Table 4 clarified the impact of interaction between locations and
genotypes for the studied traits of combined analysis across two seasons. In
both locations G 1 achieved the highest values of all studied traits, except
PH, LAl 1, CGR 1 and NAR 2 (L 1), LAl 2, CGR 2, RGR 2 and NAR 2 (L

2).

Table 4. The effect of location x genotype interaction (combined
analysis across two seasons).

Location| Gen. FD MD (E::) Branch | Pods S\(/g)/P 132/(\), S(\t(é?)d
G1 33.9 114.2 109.1 3.7 60.53 | 17.57 | 15.97 2.267
L1 G2 335 117.4 | 1133 35 55.07 | 16.40 | 15.23 1.433
G3 32.6 113.0 84.5 3.1 49.07 | 13.67 | 14.67 1.333
G4 34.4 115.7 107.9 35 51.17 | 15.57 | 14.53 1.433
L.S.D 0.5 0.79 0.86 4.42 0.43 425 | 1.25 | 0.92 0.12
G1 31.7 114.6 | 108.3 3.4 49.30 | 17.00 | 18.30 1.367
L2 G2 334 115.3 107.8 2.5 44,70 | 15.90 | 16.73 1.467
G3 34.2 113.6 90.6 2.3 32.60 | 12.37 | 14.57 1.067
G4 32.1 113.3 107.1 2.3 42.70 | 15.03 | 15.83 1.333
L.S.D o5 1.05 0.57 5.67 0.25 275 | 0.69 | 0.72 0.12
Location| Gen. | LAI1 | LAI2 | LAI3 | CGR1 |CGR2|RGR 1|RGR 2|NAR 1| NAR 2
G1 2.01 2730 | 1.994 | 0.665 |0.913 | 0.034 | 0.018 | 0.211 | 0.1907
L1 G2 2.38 2.667 1.979 0.660 | 0.660 | 0.035 | 0.014 | 0.217 | 0.1403
G3 1.82 2.182 3.230 1.077 | 0.509 | 0.035 | 0.015 | 0.190 | 0.1373
G4 2.04 2.429 2.179 0.726 | 0.510 | 0.035 | 0.014 | 0.192 | 0.1303
L.S.D o.0s 0.194 0.271 0.468 0.098 | 0.131 | 0.002 |0.0023| 0.019 | 0.0220
Gl 2.30 3.253 1.084 0.509 | 0.665 | 0.013 | 0.023 | 0.010 | 0.0300
L2 G2 1.80 2.880 0.960 0.428 | 0.712 | 0.012 | 0.029 | 0.009 | 0.0370
G3 1.77 2.491 0.830 0.129 | 0.641 | 0.014 | 0.030 | 0.010 | 0.0370
G4 1.37 2.337 | 0.779 | 0.350 | 0.543|0.013|0.028 | 0.010 | 0.0340
L.S.D oos 0.201 | 0.192 | 0.174 | 0.027 | 0.089 | 0.002 |0.0030|0.0020| 0.005

FD = Days to flowering, MD = Days to maturity. PH = Plant height, SW/P = Sees
weight/ plant, 100-SW/p = 100- Seed weight/plant, SY/fed = Seed vyield feddan, LAI=
Leaf area index CGR= Crop Growth Rate, R.G.R = Relative growth rate, NAR= Net

assimilation rate
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In the case of flowering and maturity dates the situation is different
where the lowest value (the earliest) the preferable values; D 3 was the
earliest in both locations with an average of 31.7 days for FD and 113.0
days for MD.

Interaction of sowing dates x genotypes

The results in Table (5) revealed that G1 had the highest values for
all studied traits in all sowing dates, except for PH, LAl 1& 2 in D 2. For
FD, G 1 was the earliest genotype in D 2 and D3, while G3 was the earliest
genotype in D 1. For MD, G3 was the earliest in all sowing dates. There
were significant differences between genotypes for most studied traits
except for FD, CGR2and RGR 2inD 1, RGR 1 in D3.

Table 5. The effect of sowing date x genotype interaction (combined
analysis across two seasons).

Dates | Gen. | FD | MD | P" |Branch| pods |SW/P|100-SW/ SY/fed
) (@) (ton)

(cm)
G1 35.2 117.3 | 117.89 3.9 64.2 |21.15| 17.80 1.95
G2 35.1 119.1 | 117.63 3.2 58.3 |19.55| 17.40 1.70
G3 344 1155 | 95.84 2.7 485 |15.90| 16.55 1.40
G4 34.9 117.0 | 108.01 3.2 56.1 |19.50| 17.25 1.70
L.S.D 005 1.35 1.02 8.52 0.61 8.38 2.15 0.66 0.23
G1 324 | 11390 | 108.90 | 3.55 59.70 | 18.30 | 17.70 1.65
G2 335 | 11640 | 113.17 | 295 5480 | 17.35| 15.70 1.60
G3 33.2 | 113.25 | 98.40 2.80 41.85 | 14.00| 14.50 1.20
G4 334 | 11475 | 11848 | 2.85 48.35 | 16.35| 15.20 1.45
L.S.Doos 1.14 1.17 9.61 0.69 7.43 1.92 1.20 0.18
G1 30.8 112.1 | 1031 3.25 40.85 | 12.40 | 15.90 1.85
G2 31.8 113.6 | 100.8 2.90 36.60 | 11.55| 14.85 1.05

D1

D2

D3
G3 32.7 111.2 68.3 2.55 32.15 | 9.15 | 12.80 1.00
G4 315 111.9 91.2 2.70 36.40 | 10.05| 13.10 1.00
L.S.Doos 1.57 1.15 7.97 0.58 4.28 1.34 1.17 0.11
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Table 5. Cont.

Dates | Geno. | LAI1 | LAI2 | LAI3 | CGR1 [CGR2| RGR1 [RGR2| NAR1 [NAR?2

G1 2.239 3.623 5.171 0.587 | 1.050 | 0.024 [0.0215| 0.124 | 0.123
G2 1.921 3.455 4.397 0.481 | 0.697 | 0.024 [0.0195| 0.124 | 0.074
G3 1.960 3.048 3.936 0.401 | 0629 | 0.024 |0.021 | 0.116 | 0.082
G4 1.676 2.864 3.516 0.328 | 0.570 | 0.023 [0.0205| 0.096 | 0.093
L.S.D o.05 0.141 0.225 0.396 | 0.0832 |0.19217| 0.0024 |0.0049| 0.0174 |0.0279
G1 2.1995 | 3.499 3.762 0.378 [0.7025| 0.023 [0.0195| 0.095 | 0.101
G2 2.4835 | 3.157 | 4.1245 | 0.474 |0.7035| 0.0235 | 0.02 | 0.105 | 0.086
G3 1711 2.754 | 2.9865 | 0.268 |0.5705| 0.025 | 0.024 | 0.077 | 0.086
G4 1.5455 | 2.796 | 3.3095 | 0.337 | 0.499 | 0.0255 | 0.019 | 0.089 | 0.068
L.S.D 005 0.0194 | 0.0194 | 0.0194 | 0.0194 |0.0194| 0.0194 |0.0194| 0.0194 (0.0194
G1 2.026 2.638 3.391 0.343 | 0.613 | 0.023 | 0.021 | 0.113 | 0.108
G2 1.856 2.028 3.377 0.371 | 0.657 | 0.022 |0.0255| 0.110 | 0.107
G3 1.712 1.672 2.832 0.302 | 0.525 | 0.024 |0.0235| 0.108 | 0.095
G4 1.890 1.351 2.987 0.395 | 0.509 | 0.023 | 0.023 | 0.119 | 0.086
L.S.D o.05 0.367 0.376 0.385 | 0.0893 |0.10871 0.0022 |0.0043| 0.0172 | 0.027

FD = Days to flowering, MD = Days to maturity. PH = Plant height, SW/P =
Sees weight/ plant, 100-SW/p = 100- Seed weight/plant, SY/fed = Seed vyield
feddan, LAI= Leaf area index CGR= Crop Growth Rate, R.G.R = Relative
growth rate, NAR= Net assimilation rate

D1

D2

D3

Interaction of locations x sowing dates x genotypes

The data presented in Tables (6 and 7) showed that there were
significant differences in physiological and all yield attributes due to the
interaction among the three factors. There was a variation in the tested
genotypes' responses to FD and MD. The earliest genotype was G3 in D3 in
L 1 and recorded 30.80 days, while the latest one was G4 in D1 (36.70
days). Regarding L 2 (Mallawy), the earliest genotype was G in D3 (29.00
days) whereas the latest was G2 in D1 (36.00 days). Generally, flowering
date ranged from 30.8 days for G1 in D3 to 35.20 days G:1 in D 1.

140




Table 6. Mean Performance of soybean genotypes under different
sowing dates for flowering date, maturity date, plant height
and branches (across seasons).

FD MD
Sowing date Genotype overall overall
L1 L2 L1 L2
G1 35.7 347 35.2 118.2 116.3 117.3
D1 G2 34.2 36.0 35.1 121.0 117.2 119.1
G3 348 34.0 344 1157 1152 1155
G4 36.7 33.0 34.9 118.2 1157 117.0
G1 335 31.3 324 1133 1145 1139
D2 G2 33.2 33.8 335 117.3 1155 1164
G3 32.2 34.2 33.2 113.0 1135 1132
G4 343 325 334 116.3 1132 1147
G1 325 29.0 30.8 1112 113.0 1121
D3 G2 33.0 30.5 318 1138 1133 113.6
G3 30.8 345 32.7 110.3 112.0 111.2
G4 32.2 30.7 315 112.7 111.0 111.9
Mean 33.6 32.9 33.2 1151 114.2 1146
L 0.3 0.5
oy D 0.5 04
= G 0.5 0.5
a LXD 0.6 0.6
« LXG 0.7 0.8
DXG 0.9 0.8
LXDXG 1.2 1.2
. PH (cm) Branches
Sowing date Genotype overall overall
L1 L2 L1 L2
G1 119.1 109.2 117.9 3.9 3.8 3.9
D1 G2 1219 1133 117.6 3.2 3.1 3.2
G3 92.5 99.17 95.8 3.5 1.9 2.7
G4 108.8 116.7 108.0 4.2 2.2 3.2
G1 101.1 116.7 108.9 3.6 3.5 3.5
D2 G2 109.7 116.7 113.2 3.4 2.5 2.9
G3 95.9 100.8 98.4 2.7 2.9 2.8
G4 121.7 1159 1185 3.9 18 2.8
G1 107.0 99.2 103.1 3.5 3.0 3.2
D3 G2 108.2 93.3 100.8 3.8 2.0 2.9
G3 65.0 717 68.3 3.0 2.1 25
G4 93.1 89.3 91.2 25 2.9 2.7
Mean 101.9 105.2 103.1 3.60 2.48 3.04
L 2.8 0.1
0 D 3.4 0.2
p= G 3.1 0.2
a LXD 4.6 0.2
9 LXG 4.6 0.2
DXG 57 0.3
LXDXG 7.9 0.4

FD = Days to flowering  MD = Days to maturity = PH = Plant height
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Table 7. Mean Performance of soybean genotypes under different
sowing dates for pods, SW/p. 100-seed weight (g) and Seed
yield/fed (across seasons).

Sowing Pods SWIP (g) 100-Swip SY/fed (ton)
date Genotype Overall Overall (@) Overall Overall
L1| L2 L1 | L2 L1|L2 L1 L2
Gl 736|548 | 642 | 233 [19.0| 211 |16.7(189| 17.8 | 2.800 | 1.700 | 1.950
D1 G2 520|645 | 583 | 18.2 |20.9| 19.5 |16.3|185| 17.4 | 1.500 | 1.900 | 1.700

G3 60.3 | 36.7 | 485 | 16.6 |152| 159 |146|185| 16.5 | 1.600 | 1.200 | 1.400
G4 69.3| 428 | 56.1 | 218 |17.2| 195 |16.7|17.8| 17.2 | 2.000 | 1.400 | 1.700
G1 68.1]51.3 | 59.7 | 187 |179| 183 |17.0{184| 17.7 | 2.200 | 1.500 | 1.650
D2 G2 675|421 | 548 | 19.2 |155| 17.3 |14.2|17.2| 15.7 | 1.800 | 1.400 | 1.600
G3 47.0| 36.7 | 41.8 | 142 (138| 140 [15.8|13.2| 145 | 1.300 | 1.100 | 1.200
G4 433|534 | 483 | 138 (189 | 16.3 [145|159| 15.2 | 1.300 | 1.600 | 1.450
G1 399|418 | 408 | 10.7 [141| 124 [142|17.6| 15.9 | 1.800 | 0.900 | 1.850
G2 457|275 | 36.6 | 11.8 (113 | 115 [152|145| 148 | 1.000 | 1.100 | 1.050
D3 G3 399|244 | 321 | 10.2 | 8.1 9.1 |13.6(12.0| 12.8 | 1.100 | 0.900 | 1.000

G4 4091319 |3640| 111 | 90 | 100 |12.4|13.8| 13.1 | 1.000 | 1.000 | 1.000

Mean 53.96(42.33| 48.14 | 15.72 |15.16| 15.44 |15.1|16.4| 157 | 1.62 | 1.31 | 1.460

L 1.2 0.4 0.2 0.320

D 1.2 0.5 0.2 0.340

o G 13 0.5 0.3 0.400

S LXD 1.7 0.7 0.3 0.480
[a)]

? LXG 1.9 0.7 0.3 0.560

DXG 2.2 0.8 0.4 0.680

LXDXG 3.2 1.3 0.6 0.960

SW/P = Seed weight/plant, 100-SW/p = 100- Seed weight/plant, SY/fed = Seed
yield feddan.

The earliest maturing genotypes were Gs in D3 (110.3 days) and G 4
in D3 (111 days) in both locations. While, G > was the latest one in both
locations with 121.0 and 117.2 days respectively. The overall mean ranged
from 111.2 days for G3 in D3 to 119.10 days for G2 in D1. The results
showed that the decrease in flowering and maturity dates occurred in D2 and
D3; this can be attributed to climate conditions. According to Serafin-
Andrzejewska et al (2021), the delay of soybean planting also affected
variations in the average temperature during the development stage.
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The results of plant height (Table 6) showed high variability among
the genotypes and between sowing dates. The mean values ranged in Sakha
from 65.0 cm for G 3 in D3 to 121.9 cm for G 4 in D1. It ranged in L 2 from
71.67 cm for G 3 in D3 to 116.67 cm for G 1 and G2 in D2. The mean
values ranged from 68.3 cm for G 3 in D3 to 117. 9 cm for G 1 in D1. The
genotype (G3) was the shortest in both locations as well as in relation to the
overall mean. Plant height varied with respect to when it was sown; early
and optimal date produces the tallest plants as reported by (Fordonski et al
2023).

Results presented in Table (6) revealed that there were significant
differences between studied genotypes and sowing dates for branches plant -
1 InL 1, G3in D1 had the highest value 4.2 while G4 in D3 had the lowest
branches plant  value (2.5). In L 2, G4 in D2 had the lowest branches plant
1 value 1.8, while also the highest overall mean values for branches
obtained by G1 in D1 (3.9) while the lowest was G3 in D3 had the (2.5).

Nwofia et al (2016) mentioned that number of pods per plant was
the main element influencing the seed production among the crop
components. For pods plant?, in L 1, G1 and G4 in D3 had the lowest
number of pods plant? by (39.9). G1 had the highest no, of pods (73.6) in
D1. In L 2, G3 in D3 recorded the lowest number of pods plant?® (24.4).
While, G2 in D1 recorded highest number of pods (64.5). While, the overall
mean values ranged between 32.1 for G3 in D3 to 64.20 for G1 in D1.
These results were agreed with Jarecki and Bobrecka-Jamro (2021), who
reported that the number of pods per plant was higher when sowing at an
early date compared to optimal. Delays in soybean seeding led to a notable
decrease in seed vyield, as shown by lbrahim (2012). This resulted from a
shorter growing season leading to a decrease in number of pods per plant.
For seed weight plant ! presented in Table 7, there were variation among
studied genotypes and sowing dates. The best seed weight plant-! was
recorded from sowing in D1 for G1 in L1 and G4 in L2 (23.3 and 20.9 g).
Meanwhile, the lowest seed weight plant-! was obtained from G3 in D3 in
both locations (10.2 and 8.1 g), respectively (Table 7). Regarding overall
means G1 at D1 had the highest seed yield plant * (21.15g) and the lowest
was G3 at D3 (9.1 g).
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Based on 100-seed weight plant™ values in G2 x D3 x L 1 recorded
the lowest 100-seed weight™ (g) with an average of 12.4 g, and G1 x D2
recorded the highest value with an average of 17.00 g. Regarding L 2, 100-
seed weight values ranged from (12.00g) for G3 in D3 to 18.9 g for G1 in
D1. For overall mean, G4 in D3 possessed lowest mean (12.80g), while G1
D1 possessed the highest mean (17.8g) (Table 7). Statistically significant
differences were found for 100-seed weight of soybean due to sowing date.
The average 100-seed weight from early sowing was higher than that from
late sowing that may be due to early planted genotypes which got more time
and growth period to accumulate more photo-assimilates. This result agreed
with (Kundu et al 2016). Regarding, SY/fed presented in Table (7),
significant differences between sowing dates, as well as varieties and
interactions between them. Early sowing (D1) in both locations produced
the highest SY/fed which possessed by G1 and G 2 (2.8 and 1.9 ton.fed)
respectively. In the contrast, the lowest SY/fed was obtained by G 3 and G 4
in L1 (1 ton/fed), and G1 and G 3 in L2 (0.9 ton/fed) in D3. Overall seed
yield/fed varied from 1.950 ton for G 1 at D1to 1 ton at D 3 for each of G 3
and G 4. As noted by Calvifio et al (2003), early soybean seeding improved
the fullness of harvested seeds, which translated into 100-seed weight and
seed vyield. Delays in seeding soybeans led to a decrease in yield and its
constituent parts, as validated by Yagoub and Hamed (2013).

There were significant differences between the sowing dates,
locations, and genotypes under study, as well as the interactions between
them. Both the G 1 and G 2 outperformed each other in all yield parameters
with the exception of flowering and maturity, where the G 3 was the earliest
combined with D 3. The percentage of increase in the yield traits of plant
height, branches, pods, SW/p, 100- SW and SY/fed were as follows:
12.55%, 17.95%, 36%, 41.23%, 10.67%, and 5.13% for G 1. While % of
increase for G 2 was 14.28%, 9.38%, 37.22%, 41.02%, 14.94% and 38.23%
respectively.

The interaction among sowing dates, genotypes and locations
affected statistically CGR, RGR, NAR and LAI (Tables 8 and 9).
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Table 8. Mean Performance of soybean genotypes under different
sowing dates for Leaf area index and C.G.R (g/day/plant)
across seasons.

LAI
1
(cm)
LAI
2
(cm)
LAI
3
(cm)
C.GR1
g/day/plant )
C.GR2
(g/day/plant )

Overall
Overall
Overall
overall
Overall

Sowing date
genotype

L1|L2 L1|L2 L1|L2 L1|{L2

-
-

L2

G1 |2.208]2.27|2.239|3.5393.623] 3.581 |5.722|4.620|5.171]0.950/0.225[0.587|1.348|0.753| 1.050
G2 |2.008(1.835(1.921|2.833(3.455| 3.144 |4.547(4.247|4.397(0.798|0.165[0.481|0.558|0.837| 0.697

Dl G3 [1.903[2.017/1.960|2.300(3.048| 2.674 |3.860(4.012|3.936|0.654|0.149|0.401|0.537(0.721| 0.629

G4 |1.864(1.488/1.676|2.1742.864) 2.519 |3.274(3.759|3.516(0.5090.147{0.328|0.574|0.567| 0.570

G1 |2.012(2.387|2.199|2.597(3.499| 3.048 |3.188(4.336|3.762(0.565|0.191/0.378|0.673|0.732| 0.702

D2 G2 |2.717(2.250]2.483|2.967(3.157| 3.062 |4.561|3.688|4.124/0.790|0.158/|0.474|0.708(0.699| 0.703

G3 |[1.700(1.722|1.711|2.313]2.754) 2.533 |2.614{3.359|2.986(0.379|0.157{0.268|0.456|0.685| 0.570

G4 |1.833(1.258]1.545|2.590{2.796| 2.693 |3.118{3.501|3.309(0.531|0.143{0.337|0.408| 0.59 | 0.499

G1 [1.806(2.2472.026|2.054[2.638| 2.346 |3.642(3.140(3.391/0.588)0.098/0.343|0.717(0.509| 0.613

G2 [2.412(1.301{1.856|2.201{2.028| 2.114 |4.046(2.7083.377|0.684|0.059|0.371|0.713(0.601| 0.657

D3
G3 |1.844(1.581{1.712|1.932[1.672| 1.802 |3.215(2.449|2.832(0.524|0.081{0.302(0.534(0.516| 0.525

G4 |2.428(1.352|1.890(2.524[1.351) 1.937 |3.727{2.247|2.987(0.740|0.050{0.395|0.548|0.471| 0.509

Mean 2.061|1.809|1.935(2.502[2.740) 2.621 |3.793|3.506|3.649(0.643/0.135(0.389|0.648|0.640| 0.644

L 0.074 0.179 0.177 0.028 0.031

D 0.102 0.100 0.106 0.022 0.041
G 0.090 0.092 0.115 0.025 0.052
LXD 0.133 0.201 0.203 0.035 0.054
LXG 0.128 0.202 0.215 0.039 0.069

LSD 0.05

DXG 0.166 0.168 0.199 0.042 0.087

L XGD X 0.229 0.274 0.311 0.062 0.121

LAI = Leaf area index, CGR = Crop Growth Rate.
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Table 9. Mean Performance of soybean genotypes under different
sowing dates for R.G.R (g/day/plant) and NAR (g/cm?/day)
across seasons.

) R.G.R1 R.G.R NAR 1 NAR 2

Sc()j\;vgg Genotype (g/day/plant) Overall (g/day/plant) Overall (glem’/day) Overall (glem?/day) Overall

L1 | L2 L1 | L2 L1| L2 L1| L2
G1 0.033 {0.014| 0.023 | 0.020 | 0.023 | 0.021 |0.235(0.013 | 0.124 [0.215|0.030 | 0.123
G2 0.036 [0.012| 0.024 | 0.012 | 0.027 | 0.019 |0.238| 0.010 | 0.124 |0.112|0.036 | 0.074
b1 G3 0.034 [0.013| 0.023 | 0.013 | 0.029 | 0.021 |0.221| 0.010 | 0.116 |0.129|0.034 | 0.082
G4 0.031 {0.014| 0.022 | 0.016 | 0.025 | 0.020 |0.180 0.012 | 0.096 [0.158|0.028 | 0.093
G1 0.032 [0.014| 0.023 | 0.017 | 0.022 | 0.019 |0.178| 0.011 | 0.095 [0.170|0.031 | 0.101
G2 0.033 {0.014| 0.023 | 0.014 | 0.026 | 0.020 |0.200( 0.010 | 0.105 [0.138|0.033 | 0.086
P2 G3 0.034 [0.016| 0.025 | 0.018 | 0.030 | 0.024 |0.141|0.012 | 0.077 |0.135|0.036 | 0.086
G4 0.035 {0.016| 0.025 | 0.013 | 0.025 | 0.019 |0.165| 0.012 | 0.089 [0.105|0.030 | 0.068
G1 0.037 | 0.01 | 0.023 | 0.018 | 0.024 | 0.021 |0.219| 0.007 | 0.113 [0.187|0.029 | 0.108
G2 0.035 |0.009| 0.022 | 0.016 | 0.035 | 0.025 |0.212| 0.008 | 0.110 [0.171|0.042 | 0.107
b3 G3 0.036 |0.012| 0.024 | 0.015 | 0.032 | 0.023 |0.208| 0.008 | 0.108 [0.148|0.041 | 0.095
G4 0.038 [0.009| 0.023 | 0.012 | 0.034 | 0.023 |0.231| 0.006 | 0.119 [0.128|0.044 | 0.086
Mean 0.035 {0.013| 0.024 | 0.015 | 0.028 | 0.022 |0.202| 0.010 | 0.106 [0.150|0.035 | 0.092
L 0.001 0.001 0.005 0.005
D 0.002 0.002 0.007 0.008
o G 0.001 0.002 0.007 0.009
§ L XD 0.002 0.002 0.009 0.010
3 LXG 0.002 0.002 0.009 0.012
DXG 0.003 0.003 0.011 0.015
Lx DX 0.004 0.004 0.016 0.021

R.G.R = Relative growth rate, NAR= Net assimilation rate.
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The superiority of G22 variety in the first sowing date under Sakha
location on LAl in the 3" sample, CGR and NAR (5.722, 1.348 g/day and
0.215 g/cm?/day) in the last selective period respectively; this clearly
reflects the ability of this genotype to supply the highest vegetative growth
under these conditions. This could be due to the thermo period refers to
daily temperature change; however, plants produce maximum growth when
exposed to a day temperature that is about 10 to 15C° higher than the night
temperature. This encourage the plant to enhance photosynthesis (build up)
and respire (break down) during an optimum daytime temperature, and to
limit the rate of respiration during night (Tunctlrk and Oral 2021). These
results are in a good accordance with those reported by Moustafa (2011) and
Ibrahim (2012). Moreover, Shaun et al (2025) surveyed that LAl may need
to reach 5 or 6 before the crop intercepts nearly all of the sunlight. Light
interception, canopy photosynthesis, and crop growth rates increase as the
canopy develops, with light interception increasing from less than 1% of the
amount of sunlight that falls on an acre as plants emerge, to nearly 100%
during pod filling. An early start and rapid pace of canopy development
means more rapid increases in crop growth rate.

Genotype by Yield*Trait (GYT) biplot

GYT analysis refers to the Genotype by Yield*Trait (GYT) biplot
method a powerful, integrated approach to genotype evaluation that
improves the selection of superior crop varieties by considering yield in
combination with multiple agronomic traits Adhikari et al (2016) and Yan
and Fregeau (2018).

GY*T biplot is erected based on the first (83.96%) and second
(12.23%) components (PC1 and PC2) of principal components analysis
(PCA). In this study, PC1 and PC2 explained 96.19% of the total variation.
The results of GY*T biplot showed the rank for the studied genotypes based
on their performance and stability across all test environments, considering
all yield trait combinations.

The GY*T graphs (Fig. 2) illustrated that G 1 is the first performing
genotype based on superiority index of the yield traits combination followed
by G 2. Notably, G 1 is the best performing genotypes but it is less stable
than G 2 (Ebrahimi 2023).
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Fig. 2. Ranking view of the genotype by yield*trait (GYT) biplot to
highlight studied genotypes

CONCLUSION

In this study, four soybean genotypes were used and planted at three
different dates in two locations to investigate the effect of different planting
dates on crop traits and yield components, as well as some physiological
traits. The results showed significant differences between each of the
studied factors. The first planting date (May first) was found to be the best
for crop traits and components. The first (Giza 22) and second (Hils)
genotypes recorded the highest values for physiological traits and yield
respectively. The GGE model was also used to perform GY*T analysis to
determine the best genetic structures and the most influential traits in the
crop trait and it showed that the first genotype (Giza 22) is the best
performing genotypes but it is less stable than second genotypes (H1L3).
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